Abstract. Endoscopic radiofrequency ablation (RFA) is a novel palliation therapy for malignant biliary stricture; however, its feasibility and safety has not yet been clearly defined. The aim of the present study was to evaluate the feasibility and safety of endoscopic RFA for the treatment of malignant biliary strictures. A total of 12 patients treated by endoscopic RFA between December 2011 and October 2013 were retrospectively analyzed. Adverse events within 30 days post-intervention, stricture diameters prior to and following RFA, stent patency and survival time were investigated. A total of 12 patients underwent 20 RFA procedures as a treatment for malignant biliary strictures. Two patients required repeated elective RFA (4 and 6 times, respectively). All 20 RFA procedures were successfully performed without technical problems. During a 30 day period following each RFA procedure, two patients experienced fever (38.2 and 38.9˚C, respectively) and another patient exhibited post-endoscopic retrograde cholangiopancreatography pancreatitis. The 30-and 90-day mortality rates were 0 and 8.3%, respectively. Mean stricture diameter prior to RFA was 5.3 mm (standard deviation (SD), 0.9 mm; range, 5-8 mm), and the mean diameter following RFA was 12.6 mm (SD, 3.1 mm; range, 8-15 mm). There was a significant increase of 7.3 mm in the bile duct diameter following RFA in comparison with prior to RFA (t=8.6; P≤0.001). Of the 11 patients with stents inserted following RFA, the median stent patency was 125.0 days [95% confidence interval (CI), 94.7-155.3 days]. Extrapolated median survival following the first RFA was 232 days (95% CI, 94.3-369.7 days). In conclusion, RFA appears to be an efficient and safe treatment strategy for the palliation of unresectable malignant biliary strictures.
Introduction
Malignant biliary strictures are caused by numerous primary or metastatic disease in intrahepatic, extrahepatic or hilar locations (1) . Surgical resection is the best, and potentially curative, therapy available. Regrettably, between 70 and 90% of patients possess malignant biliary strictures that are unresectable at diagnosis; thus, biliary decompression becomes the primary goal of intervention (2) . Compared with surgical intervention, stent insertion offers shorter hospitalization, lower overall cost and lower morbidity (2) . Therefore, endoscopic stenting of the biliary tract has become the standard therapeutic technique for patients with a life expectancy of >3-6 months (3, 4) .
Previous studies have demonstrated the superiority of self-expanding metal stents (SEMS) over plastic stents for maintaining biliary drainage (5-7). However, SEMS can become occluded due to epithelial hyperplasia, tumor ingrowth or overgrowth, biofilm deposition and sludge formation (8) . Studies have demonstrated that the median SEMS patency is 120 days (5, 9) ; however, once biliary stricture occurs, it may lead to morbidity and mortality. Therefore, long-term patency of SEMS remains an unresolved issue.
A number of methods, including covered nitinol SEMS and endoscopic photodynamic therapy (PDT), have been proposed for increasing the duration of stent patency in malignant biliary strictures (10) (11) (12) . In 2010, Gao et al (13) reviewed 20 relevant studies and concluded that PDT offered considerable benefit for the survival and quality of life of patients with unresectable cholangiocarcinoma. However, the most common adverse events of PDT are cholangitis (27.5%) and phototoxicity (10.2%) (13) . In addition, the management of patients treated with PDT remains expensive and time consuming.
Radiofrequency ablation (RFA), which can be performed either percutaneously or intraoperatively, has been used to achieve localized tumor necrosis in solid neoplasms for a number of years (14, 15) . The technique delivers a high quantity of thermal energy to the target tissue, with a curative or palliative intent. Preliminary animal studies (16, 17) and human clinical studies (18, 19) have investigated a promising endoscopic therapy for patients with malignant biliary strictures. The aim of the present study was to evaluate the feasibility and safety of endoscopic RFA for the treatment of malignant biliary strictures.
Materials and methods
Ethics statement. The present study was approved by the Medical Center for Digestive Diseases, the Second Affiliated Hospital of Nanjing Medical University (Nanjing, China). In addition, institutional review board approval was obtained for this retrospective study. Each patient was fully informed of the details and complications of the procedure, and written informed consent was obtained.
Patients. A total of 12 patients (6 male and 6 female; median age, 68 years; age range, 46-82 years) with unresectable malignant biliary strictures were referred to the Medical Center for Digestive Diseases and underwent endoscopic RFA between December 2011 and October 2013. The majority (10/12) of the patients were referred to the Center due to jaundice, whereas the remaining patients complained of upper abdominal discomfort. Prior to the RFA procedure, all biliary strictures were confirmed by magnetic resonance cholangiopancreatography, computer tomography or endoscopic retrograde cholangiopancreatography (ERCP).
The following variables were measured: Patient demographics, procedure-related complications, duration of hospital stay, adverse events within 30 days post-intervention, stent patency following the last electively performed RFA procedure in each patient, and 30-and 90-day mortality rates. Stent patency and patient survival time were assessed using Kaplan-Meier statistical analysis.
ERCP procedure. ERCP was performed using a duodenoscope (TJF 260 V; Olympus Corporation, Tokyo, Japan) and a Habib™ EndoHBP catheter (EMcision, London, UK). The catheter had an 8 F bipolar probe and two ring electrodes (8 mm apart), with the distal electrode 5 mm from the leading edge, providing local coagulative necrosis over a length of 2.5 cm (Fig. 1) . The catheter is compatible with standard side-viewing endoscopes (3.2 mm working channel), and can be passed over 0.035 inch guidewires. Ablation was performed using an RFA generator (1500 RF generator; RITA Medical Systems, Inc., Fremont, CA, USA), which delivered electrical energy at 400 kHz and was set at 7-10 W for 90-120 sec.
Following cannulation of the common bile duct, a cholangiography was performed to assess the length, diameter and location of the biliary stricture. An RF catheter was placed through the biliary stricture under fluoroscopic guidance. Following RFA, a plastic stent (Flextent; Changzhou New District Garson Medical Stent Apparatus Co., Ltd., Changzhou, China) or SEMS (Wallstent; Boston Scientific, Ltd., Marlborough, MA, USA) was applied. Subsequently, a cholangiogram was obtained to confirm the correct positioning of the endoscopic stent and the patency of the biliary tract (Fig. 2 ).
RFA energy can be delivered repetitively at different tumor sites within one procedure, according to the stricture size. It is recommended that the probe be kept stable for 1 min following the delivery of RFA energy in order to avoid the adhesion of tissue to the electrodes (18). Each patient was followed-up regularly following the procedure, and no patients were lost to follow-up. The mean follow-up period was 10.8 months (range, 6-19 months).
Statistical analysis. SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA) was used to perform data analysis. Continuous variables were compared using t-test. Stent patency and patient survival time were assessed using Kaplan-Meier statistics.
Results

Patient demographics.
A total of 12 patients underwent 20 RFA procedures for the treatment of malignant biliary strictures. Among them, nine patients had unresectable hilar cholangiocarcinoma (Bismuth classification type I, n=5; type IIIa, n=1; and type IV, n=3) (20) , one patient had primary liver cancer with hepatectomy, one patient had gastric cancer with gastrectomy and one patient had congenital choledochal cysts with high grade intraepithelial neoplasia. Patient demographics are shown in Table I .
RFA procedures. Endoscopic RFA was performed on the patient diagnosed with congenital choledochal cysts with high grade intraepithelial neoplasia. The remaining patients received plastic stents or SEMSs following endoscopic RFA. A total of seven patients underwent plastic stent insertion prior to endoscopic RFA, two of whom received SEMSs following endoscopic RFA; the remaining patients underwent plastic stent exchange. In one patient, RFA was performed inside the stent to reestablish patency of the occluded SEMS. Two patients with Bismuth IV hilar cholangiocarcinoma underwent immunological cytotherapy following endoscopic RFA. All 20 RFA procedures were performed without any technical problems. A total of 16 RFAs were performed using ERCP and four were performed using a percutaneous choledochoscope-assisted approach. A total of 14 RFA procedures were performed at 10 W for 90 sec, whereas the remaining six RFA procedures were performed at 7 W for 120 sec.
The majority of patients (10/12 patients) underwent only one RFA session. Repetitive RFA sessions were electively 
performed in two patients, one of whom had been diagnosed with primary liver cancer, and the other had been diagnosed with congenital choledochal cysts (6 and 4 times, respectively).
Following the RFA procedure, SEMSs were placed in four patients, and plastic stents were placed in seven patients. No stent was placed in the patient with congenital choledochal cysts. The mean hospital stay following the RFA procedure was 8.9 days (range, 2-22 days). No severe complications, such as hemorrhage, bile leak, sepsis, biliary stricture and iatrogentic thermal injury to adjacent structures occurred prior to or following the procedure.
Biochemical parameters. Postoperative white blood cell (WBC) counts were elevated in four patients, two of whom experienced fever (38.2 and 38.9˚C, respectively). Serum amylase levels were elevated in five patients, one of whom was diagnosed with post-ERCP pancreatitis. All of the patients were managed with conventional therapy.
The median length of the strictures treated was 17.5 mm. The mean stricture length treated was 18 mm (SD, 9.5 mm; range, 8-35 mm). The mean stricture diameter prior to RFA was 5.3 mm (SD, 0.9 mm; range 5-8 mm), while the mean diameter following RFA was 12.6 mm (SD, 3.1 mm; range 8-15 mm). The stricture diameters prior to and following RFA were compared using a paired t-test. There was a significant increase of 7.3 mm (t=8.6, P≤0.001) in the bile duct diameter following RFA compared with prior to RFA.
The mean bilirubin expression level prior to RFA was 297.5 µmol/l (SD, 210.5 µmol/l; range 74.6-647.3 µmol/l), while the mean bilirubin expression level following RFA was 134.3 µmol/l (SD, 86.4 µmol/l; range 31.2-225.2 µmol/l). There was a significant decrease in the expression level of bilirubin (163.2 µmol/l) following RFA (t=3.3, P=0.011; Table II) compared with prior to RFA.
Each patient was followed-up regularly following the procedure (mean, 10.8 months; range, 6-19 months), and no patients were lost to follow-up. At the end of follow-up, three patients were alive, two of which had SEMS patency, and the third with plastic stent patency.
Mortality rates. Marking the first RFA procedure of each patient as day 1, the 30-and 90-day mortality were 0 and 8.3%, respectively. One patient succumbed to cachexia on day 40.
Stent patency. In each patient, stent patency was assessed from the time at which the final elective RFA procedure was performed. All stents were patent on day 30. One patient succumbed to mortality due to cachexia on day 40 with SEMS patency. One patient exhibited plastic stent occlusion on day 40. The second stent occlusion occurred in a patient with a plastic stent on day 95.
Of the patients treated with SEMS (n=4), the median stent patency was 125 days (95% confidence interval (CI), 0-252.2 days); two patients succumbed to mortality on days 40 and 125 with patent stents. Of the patients treated with plastic stents (n=7), the median stent patency was 107 days (95% CI, 101.9-112.1 days). No significant difference was detected between the metal and plastic stents (P=0.84). Of the 11 patients with stents inserted following RFA, the median stent patency was 125 days (95% CI, 94.7-155.3 days) and the mean stent patency was 131 days (95% CI, 97.3-164.7 days) (Fig. 3) .
Kaplan-Meier survival curve analysis showed that the extrapolated median survival following the first RFA was 232.0 days (95% CI, 32.0-432.0 days), and the extrapolated mean survival was 304.7 days (95% CI, 151.3-458.1 days) (Fig. 4) .
Discussion
RFA, which can be performed percutaneously or intraoperatively, is used to achieve localized tumor necrosis in primary and secondary hepatic tumors (21, 22) . During RFA, a high quantity of thermal energy is delivered to target tissue, which may prolong the duration of stent patency (23) . RFA has demonstrated promising results for treating malignant biliary strictures in previous studies (18, 19) .
In the present study, 20 RFA procedures were successfully performed in 100% of the patients, and there were no difficulties introducing other catheters following stent insertion. The present results demonstrated that the median stent patency of the 11 patients with stents inserted following RFA was 125 days and the mean stent patency was 131 days, which is consistent with the results of a study by Loew et al (9) . However, the present results showed that the median duration of stent patency in four patients with SEMS was 125 days, and that of the seven patients with plastic stents was 107 days. There was no significant difference between the two groups. Previous studies have shown that the duration of stent patency of SEMS was longer compared with that of plastic stents (5-7). Therefore, the present results are inconsistent with the findings of previous studies, which may be due to the relatively small study population investigated in the present study and another one patient experienced post-ERCP pancreatitis. Each patient was managed with conventional therapy. Elevated WBC counts were detected in four patients, two of whom had a fever, which could be regarded as a common reaction following the procedure.
These results suggested that RFA treatment of malignant biliary strictures in the present study was safe and effective. However, endoscopic RFA may induce iatrogenic thermal injury to adjacent structures, and the iatrogenic thermal injury may lead to perforation of involved or intact bile ducts, or vessel injury (21, 24) . Dolak et al (19) have previously described a case of partial liver infarction in a 49-year-old patient with Bismuth IV hilar cholangiocarcinoma following an RFA procedure. The authors hypothesized that this event was caused by thermal injury to a segmental branch of a liver artery. Finally, the patient was managed conservatively and 
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presented with a favorable course. The authors recommended pre-interventional imaging to accurately assess the tumor surroundings, in particular the vascular and biliary structures, particularly for the treatment of proximal strictures. Tal et al (24) described three cases of hemobilia that occurred within 4-6 weeks of an RFA procedure. Two patients succumbed to hemorrhagic shock, and the surviving patient was managed with immediate SEMS insertion into the bleeding bile duct. The authors hypothesized the hemobilia may be caused by the necrotic effect induced by RFA. Possible preemptive strategies to avoid biliary bleeding complications include pre-interventional assessment with intraductal ultrasound to exclude large blood vessels in the surrounding tissue. Inserting a SEMS immediately after the RFA procedure may be an effective method for the prevention of late bleeding complications.
Notably, in the present study, one patient with congenital choledochal cysts and high grade intraepithelial neoplasia underwent the RFA procedure four times between March 2013 and October 2013. The patient was a 47-year-old male with type IV-A congenital choledochal cysts who underwent cyst excision of the dilated extrahepatic bile duct with Roux-en-Y hepaticojejunostomy prior to the RFA procedure. A T-tube was inserted into the common hepatic duct during the operation, and the RFA procedure was performed using a choledochoscopic approach. The patient attended regular follow-ups, tolerated the procedure well and experienced good palliation of his symptoms (25) .
In conclusion, the present study demonstrated that RFA is an efficient and safe treatment strategy for the palliation of unresectable malignant biliary strictures. However, the study was a retrospective analysis with a small population, which are notable limitations. A large-scale, prospective multicenter trial with a long-term follow-up evaluation period is required in order to further quantify the benefits of RFA on stent patency and survival rates.
